The activity of lactic acid bacteria during the production of fermented sausages induces the accumulation of organic acids and affects the final product characteristics. The changes in the organic acids content during the production are mainly affected by the production parameters and the diversity of lactic acid bacteria microbiota. The aim of this work is monitoring of organic acids (lactic, acetic and citric acids) during the production of the Petrovac sausage produced under different conditions. The results indicated the presence of lactic, citric and acetic acid. During the ripening of sausages, lactic acid was detected in all the samples and in the highest concentrations (1.3-22.5 mg/g). The increase in the concentration of lactic acid was more significant compared to the increase of acetic and citric acid.
Introduction
A wide variety of fermented sausages which are produced all over the world is influenced by geographic, ethnical and climate characteristics of local areas [1] . The Petrovac sausage (Petrovská klobása) is a traditional dry fermented sausage made in Bački Petrovac, in the province of Vojvodina [2] . It is a high-quality fermented product with the appropriate texture, spicy aroma, produced without additives or preservatives and protected by Serbian law as a designation of origin at the national level [3] .
The quality of traditionally fermented sausages is affected by various factors such as a raw material selection, a microbial metabolic activity and physicochemical changes during the smoking, ripening and drying process. The microbiota of traditionally fermented sausages originates from the environment or raw materials used in the production [4] . Lactic acid bacteria (LAB) and coagulase-negative cocci (CNC) are primarily responsible for the sausage fermentation, while moulds and yeasts contribute to the flavour and visual characteristics of the product [5] .
The main activity of LAB microbiota is the acid production which induces the reduction of pH value. This contributes to the development of texture, flavour and colour, prevents the growth of pathogenic microbiota and improves the stability and safety of the product [6, 7] . On the other hand, the formation of organic acids may have a negative effect on the sausage quality, since some of them can be associated with the undesirable rancidity taste [8] .
The production of organic acids in fermented sausages has been reported in many papers. In most cases the lactic, acetic and citric acids were detected [9] [10] [11] [12] [13] [14] [15] . Their production depends on chemical, physical and microbiological reactions [16] . In some cases propanoic, 2-methylpropanoic, butanoic, 2-methylbutanoic, 3-methylbutanoic, pentanoic, hexanoic, heptanoic and octanoic acids were also present [12] [13] [14] [15] .
Lactic acid, as the main product of LAB metabolism, has been detected in the highest concentration in different fermented sausages. The increase of lactic acid concentration during the production process was observed in the Northern-European type of the fermented sausages [9] , Croatian fermented sausage "Slavonski kulen'' [11] , fermented horse meat sausages [19] , "Salchichón" sausages [10] , Belgian type salami and Boulogne sausages [15] . On the other hand, the presence of yeast and mould microbiota, for example Penicillium aurantiogriseum, may cause the decrease of the lactic acid content [10, 20, 21] .
The acetic acid was detected as a volatile compound in low-acid sausages [13] , Belgian type salami and Boulogne sausages [15] and in sausage minces and fermented sausages produced with starter cultures Staphylococcus carnosus and Staphylococcus xylosus [17, 18] . The significant increase of the acetic acid concentration during the fermentation was observed in slow dry fermented sausages with the addition of nitrate and nitrite [12] and dry fermented "Salchichón" sausages [10] . Although yeasts (Debaryomyces spp.) and moulds (Penicillium spp.) contribute to the stabilization of desired sensory properties of fermented meat products [22] , they can increase the acetic acid content [10, 23] .
Conversely to the frequent detection of lactic and acetic acid, the citric acid was rarely present in fermented sausages [10] . Piruvic, succinic, formic, propionic and n-butyric acids were detected in fermented "Salchichón" sausages [10] , while pentanoic, 2-methylpropanoic, butanoic and 3-methylbutanoic acids were detected in low-acid sausages [13] . Marco et al. (2006) reported the presence of pentanoic, propanoic, butanoic, heptanoic and octanoic acids as volatiles in fermented sausages. In fermented sausages made with Staphylococcus spp. starter culture 2-methylpropanoic acid was also detected [18] . Butanoic, 2-methylbutanoic and 3-methylbutanoic acids were detected in the meat batter as volatiles produced by St. carnosus [17, 24] and St. xylosus [17, 18] . The increase of acetic, propionic and n-butyric acids is mainly caused by mould microbiota [10] . This study was conducted in order to define the changes of the concentration of organic acids during the production of the Petrovac sausage prepared and fermented under different process conditions. The changes in the process conditions included the use of non-starter cultures for starting the fermentations which were further performed in traditional or strongly controlled conditions.
Experimental
Sausage production Fermented sausages were prepared according to the traditional recipe in Bački Petrovac. Meat batter was prepared of fresh minced pork (85%) and solid back fat tissue (15%). In the total weight of minced muscle and fat tissue the following ingredients (% w/w) were added: red hot pepper (2.50%), salt (1.80%), garlic (0.20%), cumin (0.20%) and sucrose (0.15%). The production parameters applied and sampling time during ripening are presented in Table 1 . Sausages A were made of partly chilled meat (about 3 h post-mortem), while all other sausages were made of chilled meat (about 24 h post-mortem). Sausages A, B1, F1 and F2 were produced under traditional conditions (smoking for 10-15 days (4-8 h a day); temperature <11 °C (8,3 °C -10,7 °C); relative air humidity ~60%; drying and ripening for 60 days at the temperature around 0 °C).
However, sausages B2, G1 and G2 were produced under controlled conditions (smoking for up to 3 days; temperature 20 °C; relative air humidity 75%; drying and ripening for 45 or 60 days at the temperature ~ 10 °C).The process of smoking in controlled conditions was performed in the industrial chamber (Wemag Micromat, Deutschland) with the smoke generator (Wemag Raucher zenger H504, Deutschland) by a pyrolysis process of beech woodsmoke at 20 °C. The duration of the smoking process was 3 h (sausages G1 and G2) and 6h (3 days for 2 h) (B2). Sausages F2 and G2 were made with the addition of the starter culture (90% Lb. sakei and 10% Staphylococcus sp.) while other samples were made without it. Table 1 . The Petrovac sausage production parameters and sampling time Traditional conditions = smoking for 10-15 days at temperature <11 °C at relative air humidity ~60%; drying and ripening for 60 days at the temperature around 0 °C; Controlled conditions = smoking for up to 3 days at temperature 20 °C and relative air humidity 75%; drying and ripening for 45 or 60 days at the temperature ~ 10 °C Determination of organic acid concentrations In order to determine organic acid concentrations in sausage samples, the extraction procedure was applied. The extraction of organic acids was carried out by mixing 4 g of the sausage sample and 10 cm 3 of 5 mM H 2 SO 4 on a magnetic stirrer for 1 h. For the precipitation of the proteins, 0.1 cm 3 of Carrez 1 (150 g/dm 3 K 4 [Fe(CN) 6 ] x 3H 2 O) and Carrez 2 (300 g/dm 3 ZnSO 4 x 7H 2 O) were added. The samples were centrifuged for 15 min at 5000 rpm and the supernatant was filtered through a microfilter with a pore size of 0.45 μm.
The detection of organic acids was performed on Aminex HPX-87H column (7.8 x 300 mm, Biorad Laboratories) on a chromatograph (Agilent 1100 Series) in isocratic conditions [25] . The sample volume of 20 µl was injected into the column and eluted with 5 mM H 2 SO 4 [25] . Operating conditions were the column temperature of 50 °C and a flow rate of 0.6 cm 3 /min. The compounds (organic acids) were detected by UV detector at 214 nm wavelength, based on the comparison with standard retention times.
The quantitative determination of individual organic acids in the samples was calculated by using the calibration curves basis dependence of the surface below the peak from the concentrations of standard solutions of lactic, acetic and citric acids. All the experiments were performed in triplicate.
Results and Discussion
Changes in lactic acid content The lactic acid content increased during the fermentation 7(2) (2018) 41-45 (Table 2) , while the initial and final content differ depending on the parameters of the production process. In sausages A, made from partly chilled meat, a significantly higher initial concentration of lactic acid was observed (11 mg/g). On the other hand, in sausages B1 and B2, the initial value of the lactic acid content was 1.3 mg/g. In these sausages, the rapid increase in the lactic acid production was observed after 2 days of fermentation, as a result of the intensive growth of LAB in the initial stage of the production [26] . The maximum value of the lactic acid content was achieved at the end of fermentation, 17.3, 22.5 and 15.1 mg/g for sausages A, B1 and B2, respectively (Table 2). Although the initial value of the lactic acid content in sausages F1 and F2 was almost identical, the concentration of lactic acid in the final product was significantly different ( Table 2 ). The analysis of microbiota at the beginning of the fermentation in sausages F1 and F2 showed the greater presence of LAB population in sausages F2 compared to sausages F1, which caused the increased content of the lactic acid in sausages F2 [27] . Analysing the lactic acid content in sausages F1, F2, G1, and G2, it was observed that a higher content of lactic acid was detected in sausages produced with the addition of a starter culture compared to the sausages produced without a starter culture ( Table 2) .
The increase of the lactic acid content in the sausages and a high content at the end of the fermentation process is in accordance with literature data obtained for "Salcichőn" in which the detected value at the beginning of fermentation was 6.7 mg/g while at the end of fermentation the lactic acid content was 18 mg/g [10] . The increased lactic acid content was also in accordance with the data reported for North-European and Mediterranean types of fermented sausages [28] . The values reported in this paper were lower compared to Belgian and Bologna sausages in which the lactic acid content was 47.3 mg/g and 45 mg/g, respectively [15] .
Changes in acetic acid content Acetic acid was not detected at the beginning of the process in all samples of sausages ( Table 3 ). The highest concentrations of acetic acid during ripening were detected in the sausages marked A, while for the first time the acetic acid was detected after 6 days of fermentation (1.7 mg/g), and only slightly increased until 30th day of the process reaching 2.2 mg/g at the end of the fermentation. In samples B1, B2 and F2, the acetic acid content slightly varied in the range 0.4-1.0 mg/g from 2nd day till the end of ripening. In sausages B1, the highest content was detected after 15 days of the production process (0.8 mg/g) while in sausages B2 the highest value was detected at the end of the process (1 mg/g) ( Table 3) . A higher amount of acetic acid at the end of fermentation was detected in sausages produced of partly chilled meat (2.2 mg/g), probably as the result of the significant presence of heterofermentative Leuconostoc mesenteroides [26] in these samples. It was not detected in sausages F1 and G2 during the whole period of ripening (Table 3) , while in samples G1 and F2 it was detected at the end of the production and after 2 days of fermentation, respectively. The low acetic acid content in sausages F and G was in accordance with the low presence of Leuconostoc spp. in the isolated LAB microbiota [27] .
The acetic acid is mainly produced by LAB microbiota, fatty acid oxidation and catabolic processes with alanine [10] . It contributes to the flavour of dried sausages [10, 13, 18, 29, 30] . The low initial acetic acid content in the analysed sausages was in accordance with the results obtained for "Salcichőn"(0.2 mg/g) [10] . On the other hand, the acetic acid content was much lower than those reported for Belgian sausage (1.5 mg/g) and Bologna sausage (7.3 mg/g) [15] . In some studies, it was found that the smoking process and the addition of nitrate/nitrite have an impact on the acetic acid production [18] .
Changes in citric acid content In sausages A , the citric acid content slightly varied during the fermentation in the range 0.4-0.7 mg/g (Table 4 ). In sausages B1 and B2 citric acid was not detected at the beginning of the fermentation, while after 30 days of fermentation the maximal content in these sausages was 0.7 mg/g (Table 4 ). Citric acid was detected almost on the same level of 0.3-0.4 mg/g in the meat batter of sausages F1, F2, G1 and G2. In F1 and G1, the initial concentration of 0.3 mg/g was detected while in sausages F2 and G2 the detected content was 0.4 mg/g. During the fermentation process this content slightly increased and reached a maximum value at the end of fermentation (0.6-1.2 mg/g) ( Table 4 ). The citric acid content at the beginning of the fermentation was in accordance with the data obtained for "Salcichőn". It was found that the citric acid content was not detected at the beginning of the fermentation process, while at the end of the fermentation the content was 0.3 mg/g [10] . 7(2) (2018) 41-45 Table 3 . Changes in the acetic acid content (mg/g) during ripening of the samples of Petrovac sausages 
Conclusion
Determination of the organic acid content during the production of fermented sausages may contribute to the understanding of the changes of sensory characteristics during the production. In this study, lactic, acetic and citric acid were detected. The lactic acid was present in the highest amount in all analysed samples and its concentration increased during the production process regardless the production parameters. Also, the samples of Petrovac sausages produced with the addition of starter cultures had a higher amount of lactic acid. Acetic acid was randomly present in the samples, but in much lower concentrations. It is usually detected in the samples at the end of fermentation. The concentration of citric acid slightly varied during the production process.
